INTRODUCTION
The ethanol obtained in fermentation of carbohydrates can be separated from the aqueous solution (azeotropic composition) by different methods. Extraction with long-chain alcohols, such as 1-dodecanol [1] and 1-decanol [2] , could be a possible way of separation. In these two previous papers, different liquid-liquid, solid-liquid and solid-liquid-liquid equilibria were determined at different temperatures, in order to perform a better separation. In this paper, another straight-chain primary alcohol, 1-undecanol, is utilized in the ethanol-water extraction at different temperatures. This fatty alcohol exists in nature, found naturally in many foods such as fruits (apples, bananas), butter and eggs [3] , and could be proposed as an alternative extractant, in environmentally sustainable processes.
In addition, the development of new analytical techniques, such as dispersive liquid-liquid microextraction (DLLME) invented in 2006, requires knowledge of the extraction process, since the drawbacks of this technique are the requirements related to the extraction and disperser solvent [4] . A modification of this technique together with the solidification of floating organic drop (DLLME-SFO) was proposed by Mirzaei et al. [5] for the extraction of heavy metal ions from industrial effluent samples. Among other compounds, they used ethanol as the disperser solvent and 1-undecanol as the extraction solvent. This technique utilizes extraction solvents with lower toxicity than that usually employed in DLLME and faster than other procedures [5] .
As a consequence of all these applications, the study of the water + ethanol + 1-undecanol equilibrium is of great interest today. Furthermore, the long-chain alcohol 1-undecanol (or undecanol) is liquid at 289.15 K but it is solid below this temperature. Around this temperature, different shapes of the equilibrium diagrams can be obtained, with regions in the presence of solid 1-undecanol. Changes in the temperature could vary the solid quantity, the composition of the equilibrium phases, for instance, and for these reasons, the influence of the temperature on the liquid-liquid, solid-liquid-liquid and solid-liquid equilibria of the water + ethanol + 1-undecanol ternary system needs to be known. 
EXPERIMENTAL
Ethanol and 1-undecanol were supplied by Merck, with a stated purity of 99.8 and 98 mass % respectively. Water was purified with a Nanopure Barnstead ultrapure system. The experimental determination was carried out by preparing heterogeneous known mixtures of water, ethanol and 1-undecanol. This latter component was weighed in a tube and cooled at a lower temperature than its melting point. Then the solid was put in contact with cool mixtures of known concentration of water and ethanol. This methodology was applied in previous papers [1] , [2] . Furthermore the water content in each organic phase was verified using the Karl Fisher technique. Water in the aqueous phase and 1-undecanol in the organic phase was inferred by difference.
The small quantities of 1-undecanol in the aqueous phases were analyzed by gas chromatography using a Thermo Trace Fischer with a DB 624 column with a flame ionization detector (FID). The column temperature was held at 313.15 K (0.1 min) and rose to 523 K by 40 K min −1 ramp rate and then the oven temperature was maintained for two minutes at 523 K; the detector temperature was kept at 573.15 K, while the injection port temperature was held at 523.15 K;
injections were performed on the split 1/50 mode, and Helium was used as a carrier at a rate of 1 mL min -1 after split. In this phase the water content was determined by difference.
The relative uncertainty of the mass fraction measurements was 2% for the minority components With respect to experimental data found in the scientific literature, Góral et al. [7] reported results of alkanol + water systems, comprising of 1-undecanol + water between 288.15 and 363.65 K. In their paper they include data from Tokunaga et al. [8] increases. The changes observed in the shape of the equilibrium diagram can be used to improve the process of extraction of ethanol from aqueous solutions using 1-undecanol as a solvent or to investigate new analytical techniques using extraction solvents with lower toxicity in environmentally sustainable processes.
